Background: Obstructive sleep apnea syndrome (OSA) is a common but often under diagnosed condition. According to literature, OSA prevalence in atrial fibrillation (AF) patients varies from 21 to 85%. OSA is increasingly recognized as a risk factor for biventricular dysfunction. The present study aimed to compare left and right ventricular functions, assessed by conventional
echocardiographic parameters and speckle tracking imaging, in non-valvular atrial fibrillation (NVAF) patients with and without severe OSA. Methods: A cross-sectional analytic study was conducted. Forty successive patients with NVAF were included. All of them had a clinical screening for symptoms suggestive of OSA and underwent polysomnographic study. Patients were divided into two groups (group 1: without severe OSA with an apnea-hypopnea index (AHI) < 30 events per hour (e/h), and group 2: having severe OSA with an AHI ≥ 30 e/h). Echocardiography was performed in all patients. Left and right ventricular function parameters were measured including global longitudinal strain (GLS) and myocardial performance index (MPI). Results: OSA was diagnosed in 90% of NVAF patients. The average AHI was 22.1 ± 13 e/h. Eleven patients (27.5%) had mild OSA, 9 patients (22.5%) had moderate OSA, and 16 patients (40%) had severe OSA. General clinical characteristics were comparable between groups. A statistically significant association was demonstrated between severe OSA and impairment of left ventricular GLS (-17.3 ± 4.5 vs. -14.9 ± 3%, in group 1 and 2 respectively, p = 0.02) and left ventricular MPI (0.37 ± 0.09 vs. 0.49 ± 0.13, in group 1 and 2 respectively, p = 0.01). Right ventricular lateral wall strain was non significantly lower in group 1 compared to group 2 (-22.5 ± 8.4 vs. -18.4 ± 5.8%, in group 1 and 2 respectively, p = 0.15). On multivariate logistic regression analysis, left ventricular GLS impairment (> -18%) and MPI > 0.37 were independent predictors of severe OSA. Conclusion: Severe OSA was diagnosed in 40% of NVAF patients. Impairment of left ventricular GLS and left MPI were statistically associated with severe OSA. 
INTRODUCTION
Obstructive sleep apnea syndrome (OSA) is a common condition affecting about 4-5% of the adult population [1] . Because of its implication in several cardiovascular diseases, particularly heart failure, OSA which is often under diagnosed, represents a major public health concern [2]. Atrial fibrillation (AF) is the most common arrhythmia in clinical practice. Its prevalence increases with age, from 0.1% among those under 55 years of age to 9% among people aged over 80 [3] . AF is associated with an increase in morbidity and mortality and may lead to /heart failure and thromboembolic events. The prevalence of OSA in patients with AF varies from 21 to 85% according to recent studies [4] . The aim of the present study was to compare in non-valvular atrial fibrillation (NVAF) patients, left and right ventricular functions by using conventional echocardiographic parameters and speckle tracking imaging depending on the presence or not of severe OSA.
MATERIALS AND METHODS

Study Design
This study was a cross-sectional analytic one (Department of cardiological investigations and resuscitation -La Rabta University Hospital -Tunis) and was conducted between July and October 2017.
Study Population
The enrolment involved randomly selected NVAF patients, aged over eighteen years and followed up in the outpatient consultation. Only patients, in whom the diagnosis of AF was documented, were included [5, 6] .
Non-inclusion criteria were
 A significant valvular heart disease [7] . Two study groups were established: group 1 for patients without severe OSA (apnea hypopnea index (AHI) < 30 events/hour (e/h)) and group 2 for patients with severe OSA (AHI ≥ 30 e/h).
Data Collection
Clinical screening of OSA
The Berlin questionnaire [8, 9] was used to assess the clinical probability of OSA. The Berlin score was then compared to the polysomnographic data. The Berlin questionnaire included 10 questions divided in three categories: category 1 including five questions about snoring and apnea, category 2 including four questions about daytime sleepiness and category 3 with two questions about hypertension and obesity. A Berlin score ≥ 2 indicated a high probability of OSA and thus was considered as positive.
Atrial fibrillation
Atrial fibrillation was documented in all patients by a resting electrocardiogram or by an electrocardiographic holter showing the arrhythmia lasting longer than thirty seconds. AF was classified as paroxysmal, persistent, or permanent according to the European guidelines [10] . Symptoms related to AF and AF effect on quality of life was assessed by the EHRA classification [10] .
Echocardiographic study
All patients underwent echocardiographic evaluation according to The American Society of Echocardiography guidelines [11] as well as an assessment of two-dimensional myocardial deformation with speckle tracking imaging. All echocardiographic studies were performed by the same experimented operator who was blinded to patient's data and groups. A Vivid E9 echocardiograph (GE Healthcare, General Electric), equipped with a 2D phased array M5S tranducer (1.5-4.6 MHz) operating in second harmonic and a matrix 4D volume phased array transducer (1.5-4.0 MHz), was used. The electrocardiogram was systematically coupled with the ultrasound imaging. The standard echocardiography included the measurement of the end-diastolic and end-systolic diameters of the left ventricle (LV) in the longitudinal parasternal axis. The apical 4 and 2-chambers views were used for the measurement of LV and left atrial volumes by the Simpson biplane method. The trans-mitral pulsed wave Doppler velocities were recorded from the apical 4chambers view with a 2 mm Doppler sample placed between the tips of the mitral leaflets. The evaluation of diastolic function was made with reference to the guidelines of the American Society of Echocardiography and the European Association of Cardiovascular Imaging [12] . Continuous wave Doppler of tricuspid regurgitation was utilized to estimate the pressure gradient between the right ventricle (RV) and the right atrium according to the Bernouilli equation. The systolic velocity of the S' m and diastolic E' waves were collected by tissue Doppler and averaged from the lateral and the septal part of the mitral annulus. In 5chambers apical view, the peak aortic velocity as well as the aortic mean gradient was measured with continuous Doppler. The LV myocardial performance index (MPI) was measured using tissue Doppler according to the description of Tei et al. [13] . MPI is defined as the ratio of the sum of the iso-volumetric contraction time and isovolumetric relaxation time by the ejection time. This index is considered pathological if it is greater than 0.47. The RV systolic function was assessed using tricuspid annular plane systolic excursion (TAPSE) as well as the systolic wave S' t velocity of the lateral tricuspid ring and the RV lateral wall strain [14] .
Gray scale loops obtained in second harmonic imaging and centered on the LV were recorded. Five to ten loops of single cardiac cycles were performed in apical 4, 3 and 2-chambers views with a frame rate between 55 and 80 frames per second using the 4D volume. The data were recorded and stored in digital format for off-line analysis (EchoPac, ultrasound General Electric Vingmed Ultrasound AS). Measurement of the two-dimensional speckle tracking was performed when feasible from simultaneous three apical views using 4D matrix probe (Xplane mode); and if not from three single and nearly equal in duration cardiac cycles using the 2D M5S probe. The measurement was made in 18 segments LV model and the global longitudinal strain (GLS) was then automatically calculated. For the RV lateral wall strain, recording 2D images required a high frame rate of greater than 60 frames per second, using the best scan and depth to get the RV image as large as possible [15, 16] . The RV lateral wall strain was calculated by averaging the 3 regions of interest (basal, medial and apical segments). Strain thresholds of LV and RV were respectively -18% and -20%.
Sleep study
All patients underwent overnight polysomnography using a standard technique with assessment of airflow through nasal cannula, respiratory effort by thoracoabdominal bands, oxygen saturation and heart rate with pulse oximetry. Apnea was defined as complete cessation of airflow for at least 10s. Hypopnea was defined as a reduction of at least 50% in airflow lasting at least 10s associated with a 4% decrease in nocturnal oxygen saturation. AHI was defined as the number of apneas and/or hypopneas per hour. An obstructive apnea was defined as the absence of airflow despite respiratory movement or exertion. According to international guidelines, diagnosis of OSA is made when AHI is greater than 5 e/h [17] . The latter index was also used to stratify the disease severity: mild with AHI ranging between 5 and 14 e/h, moderate with AHI between 15 and 29 e/h and severe with AHI ≥30 e/h [17] .
Statistical Analysis
Statistical analysis was performed using SPSS software (version 23.0). Percentages were calculated to assess qualitative variables. Mean values and standard deviations were determined for the quantitative variables. Comparison of two independent averages was assessed by the nonparametric Mann and Whitney test. Categorical variables were compared using Fischer's exact test or chi square test as deemed appropriate. To determine quantitative variables' threshold values with a certain sensitivity and specificity to predict an event, receiver operating characteristics (ROC) curves were used while making sure that the area under the curve was significantly greater than 0.5. In order to identify risk factors independently related to the event, a stepwise multivariate logistic regression analysis was conducted.
RESULTS
General Clinical Characteristics and Polysomnographic Data
Forty patients were included in the present study.
General clinical characteristics are summarized in Table 1 .
Atrial fibrillation was permanent in 23 patients (57.5%), persistent in 5 patients (12.5%) and paroxysmal in 12 patients (30% 
Echocardiographic Findings
Details of conventional and tissue Doppler echocardiographic parameters for both groups are reported in Table 3 .
Left ventricular systolic function
Averages of LV systolic parameters as well as percentages of impaired LV systolic parameters are listed in Table 3 .
The mean value of LV ejection fraction according to the Simpson method was 56 ± 10.7%. The LV ejection fraction was impaired in 17.5% of patients. The mean value of the GLS was -16.4 ± 4.1% with limits ranging from -4 to -25%. LV GLS was impaired in 65% of cases. The average value of left MPI was 0.42 ± 0.12. According to the latter index, 30% of patients had systolic ventricular dysfunction. The impairment of the Simpson biplane LV ejection fraction was observed in 5 patients (20.8%) vs. 2 patients (12.5%), in group 1 and 2, respectively (p = 0.6).
Fifty percent of patients in group 2 had a left MPI greater than 0.47 consistent with LV systolic dysfunction, whereas only 4 patients (16.6%) in group 1 had an abnormal left MPI (p = 0.016).
Referring to the ROC curve, a left MPI cut-off value of 0.37 differentiated between the presence or not of severe OSA, with a sensitivity of 81% and a specificity of 62%.
LV GLS was impaired in 11 patients (45.8%) vs. 15 patients (93.7%), in group 1 and 2, respectively (p = 0.004).
A statistically significant association was demonstrated between severe OSA and impairment of left ventricular GLS (-17.3 ± 4.5 vs. -14.9 ± 3%, in group 1 and 2 respectively, p = 0.02) and left ventricular MPI (0.37 ± 0.09 vs. 0.49 ± 0.13, in group 1 and 2 respectively, p = 0.01).
Left ventricular diastolic function
The study of LV diastolic function revealed that in the study population, 12 patients (30%) had diastolic dysfunction, 19 patients (47.5%) had normal diastolic function and 9 patients (22.5%) had indeterminate diastolic function.
In group 1, eight patients (33.3%) had diastolic dysfunction, 5 patients (20.8%) had indeterminate diastolic function and 11 patients (45.8%) had normal diastolic function. In group 2, five patients (31.2%) had diastolic dysfunction, 3 patients (18.8%) had indeterminate diastolic function and the remaining patients had normal diastolic function. There was no significant difference between the two groups (p = 0.94).
Right ventricular systolic function
Averages of RV systolic parameters as well as percentages of impaired RV systolic parameters are reported in Table 3 .
In the study population, TAPSE had an average value of 18.7 ± 4.9 mm with extremes ranging from 11.9 to 31 mm. TAPSE was impaired in 37.5% of patients. TAPSE was impaired (<17mm) in 7 patients (29.1%) vs. 8 patients (50%), in group 1 and 2, respectively (p=0.28).
The S' t wave at the lateral tricuspid ring had a mean value of 10.9 ± 3.5 cm/s for all patients. S' t was below 9.5 cm/s in 30% of cases. Regarding this parameter, 8 patients (33.3%) in group 1 had right ventricular dysfunction, while 4 patients (25%) in group 2 had an impaired S' t (p = 0.53).
In the study population, the mean value of the RV lateral wall strain was -20.8 ± 7.6% with limits ranging from -8.5 to -37%. Right ventricular strain was impaired in 50% of patients. Impairment of the RV lateral wall strain was noted in 9 patients (37.5%) in group 1 vs. 11 patients (68.7%) in group 2, with no statistically significant difference (p = 0.15).
Multivariate Analysis
Multivariate logistic regression analysis revealed that LV GLS impairment (< -18%) and a left MPI > 0.37 were independent predictors of severe OSA (Table 4 ).
Berlin Score
Twenty-five patients (62.5%) from the study population had a Berlin score ≥ 2, indicating a high probability of OSA. The Berlin score was suggestive of OSA in 8 patients (50%) vs. 13 patients (81.3%), in group 1 and 2 respectively (p=0.05).
New Combined Screening Test of OSA
In the present study, a new combined clinical and echocardiographic screening test of OSA was proposed. This test was considered positive if Berlin score was suggestive (≥ 2), LV GLS was impaired (> -18%) and a left MPI > 0,37.
The comparison of this test results with the polysomnographic data, demonstrated that this new combined screening test had a sensitivity of 86,7% and a specificity of 75%, for predicting severe OSA in NVAF patients.
DISCUSSION
In the present study, OSA was diagnosed in 90% in NVAF patients. Severe OSA was found in 40% of patients. [24] studied MPI in 116 patients with different degrees of OSA severity and compared findings according to OSA severity. The left MPI was significantly higher in the group with severe OSA (MPI = 0.5 ± 0.12) than in the groups with moderate OSA (MPI= 0.48 ± 0.09) and mild OSA (MPI= 0.45 ± 0.08) (p=0.018). Similarly, Romero et al. [25] found that right and left MPI correlated positively and significantly with the AHI (ρ = 0.40, p = 0.002; and ρ = 0.27, p = 0.02, respectively).
Regarding the RV function, the association between RV dysfunction and OSA has been reported in several studies using several echocardiographic parameters [26] [27] [28] [29] 
STUDY LIMITATIONS
The present study is a small scale one mainly because of limited accessibility to polysomnographic investigation. Moreover, echocardiographic monitoring of left and right functions after the implementation of OSA therapies (lifestyle changes, positive airway pressure or surgery) was not performed.
CONCLUSION
The present study demonstrated that OSA was very common among NVAF patients. OSA may be a contributing or causal factor of an apparently isolated AF and its screening, by a suitable tool such as echocardiography, is advisable. In case of severe OSA, myocardial dysfunction involved not only RV as commonly known but also LV. From this perspective, it is advisable to search for myocardial dysfunction by the appropriate parameters such as the longitudinal strain and MPI.
OSA treatment could be considered as an etiopathogenic treatment of cardiovascular disorders including AF and myocardial dysfunction. Recent studies support the reversibility of echocardiographic abnormalities by OSA treatment but the clinical interest and the prognosis improvement after treatment remains to demonstrate.
CONSENT
All patients included in this study were informed orally about the objectives and the course of the study. All of them provided informed consent to the study. 
